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ABSTRACT 
 
 
Simple analytical expressions for the current function have been formulated for reversible 
and irreversible electron transfer processes in linear sweep voltammetry. The parametric 
dependence of the diffusion layer thickness and conductance have been derived and their 
significance pointed out. Several earlier results pertaining to potential step experiments, 
thin layer voltammetry, surface bound LSV, radial flow at micro-ring electrodes, etc. are 
shown to arise from the general expression for the current function. The current function 
expression pertaining to the irreversible electron transfer processes has been modified for 
the systems obeying Marcus-Hush kinetic law. The influence of activation overpotential 
on the current function has been pointed out. The variation of the current function with 
solvent reorganization energy has also been illustrated which is in agreement with the 
Marcus theory. The distinction between the stepwise and concerted mechanisms has been 
delineated employing the current function analysis. 
 
A systematic way of distinguishing stepwise and concerted mechanisms in reductive 
cleavage reactions has been formulated employing Marcus-Hush model and the theory of 
dissociative electron transfer. The electrochemical reductive cleavage of the carbon-
iodine bond in 5-bromo-1,3-dichloro-2-iodobenzene has been analyzed using the 
systematic formulation so as to distinguish between the mechanistic dichotomy. The 
transition between the stepwise and concerted mechanisms has been demonstrated in the 
reduction of carbon-bromine bond in 4′-bromomethylbiphenyl-2-carbonitrile at glassy 
carbon electrodes. The electrochemical reductive cleavage of carbon-chlorine bond in    
1-chloro-2,4-dinitrobenzene at gold electrodes has been analyzed under EC mechanism. 
 v
The standard rate constant of the electron transfer step and the cleavage rate constant of 
the chemical step have been deduced using the voltammetric data in conjunction with 
convolution analysis. The electrochemical reductive cleavage of carbon tetrachloride at 
glassy carbon electrodes in various non-aqueous solvents follows a quadratic activation-
driving force dynamics whereas the Butler-Volmer kinetics is observed in the case of 
benzonitrile. In the binary mixture of DMF-Water, the reduction of carbon tetrachloride 
follows Marcus-Saveant kinetics of dissociative electron transfer. A Hammett-type linear 
kinetic correlation pertaining to the cleavage of radical anions of aromatic halides has 
been formulated. The cleavage rate constants of radical anions of aromatic halides have 
been deduced using the correlation. 
 
The method of estimating standard potentials of irreversible electrode reactions has been 
demonstrated in the reduction of carbon-halogen bonds in 5-bromo-1,3-dichloro-2-
iodobenzene employing quadratic activation-driving force relationship. The methodology 
for estimating Gibbs free energy of transfer of electrolytes from a reference solvent to the 
target solvent has been developed and illustrated in the case of silver chloride transferred 
from aqueous to various organic solvents. The irreversible reduction of carbon 
tetrachloride at glassy carbon electrodes has been used as the probe reaction in the 
methodology. A Hammett-type linear free energy correlations pertaining to the 
intramolecular dissociative electron transfer in radical anions of aromatic halides has 
been formulated and studied using the reaction series of aromatic chlorides, bromides and 
iodides. The correlation has evinced the higher reactivity of carbon-chlorine bond to the 
polar effects of the substituents in comparison to carbon-bromine and carbon-iodine 
bonds. The standard potentials of radical anions of aromatic iodides have been deduced 
using the correlation. 
